A total of 267 meropenem-non-susceptible P. aeruginosa isolates was recovered from patients hospitalized in St Anna's Teaching Hospital (Brno, Czech Republic) during the period 2009-2011. Sixteen of the isolates that tested MbL-positive with the imipenem-EDTA double-disc synergy test (Lee et al., 2003) were further investigated. These isolates were recovered from urine (n54), wound swabs (n53) and blood (n53) ( Table 1) . However, matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) MS meropenem hydrolysis assay confirmed MbL production in 12 out of the 16 isolates (Hrabák et al., 2011a) .
In all 12 isolates, carriage of MbL genes was analysed by PCR (Ellington et al., 2007; Yong et al., 2009) . Eight of the isolates were found to be positive for the presence of bla VIM , three isolates were positive for bla IMP , and one isolate was positive for both MbL genes. No PCR products were detected from the four P. aeruginosa isolates, which were negative by MALDI-TOF assay, using bla IMP -and bla VIM -specific primers. Other types of MbL genes (bla SPM , bla GIM , bla SIM and bla NDM ) were not detected.
Multilocus sequence typing (Curran et al., 2004) classified the MbL producers into two sequence types (STs), 357 and 111, with the former being predominant. The remaining four MbL-negative, meropenem-non-susceptible isolates were distributed into three STs other than 357 and 111 (Table 1 ). All of the observed STs have been reported in a recent study of multidrug-resistant bloodstream isolates of P. aeruginosa in Czech Republic (Nemec et al., 2010) .
Characterization of the regions flanking the MbL genes was carried out by PCR mapping and sequencing. VIM-encoding integrons, from P. aeruginosa of ST357, revealed that bla VIM-2 was the sole gene cassette of a class 1 integron identical to In56 (Poirel et al., 2000) . The same bla VIM-2 cassette was found in VIM-encoding integrons from P. aeruginosa of ST111. These integrons, which were designated Inp385 (GenBank accession no. JX982233), possessed an aacA29a cassette, similar to that identified in In59 (Poirel et al., 2001) , before bla VIM-2 . Unlike In-59, bla VIM-2 was not followed by an aacA29b cassette in In-p385.
Sequencing of the IMP-encoding integrons from P. aeruginosa of both STs, 357 and 111, revealed a novel integron structure designated In-p110 (GenBank accession no. JX982232). In-p110 contained (from 59-CS to 39-CS) aacA4, orf105/orfD, bla IMP-7 , aacA4, bla OXA-2 and orfE-like cassettes. The aacA4 gene, found in the first position, differed by T-to-C and G-to-A transitions (nt 3690 and 3852, respectively, in sequence under GenBank accession no. AF263520), resulting in Ser 102 ALeu and Arg 156 ALys substitutions as compared with aacA4 carried by In58 (Poirel et al., 2001) . However, the second copy of aacA4 was identical to that identified in In58. The orf105/orfD cassette seemed to be a hybrid of orf105 and orfD cassettes. The emergence of this cassette could be explained by recombination events between orf105 and orfD that may lead to deletion of the sequence intervening the two cassettes.
Further PCR analysis revealed the presence of additional class 1 integrons in isolates Pae-107, Pae-408, Pae-645 and Pae-477 (Table 1) . Sequencing of the PCR products showed that the majority of the observed cassettes encoded aminoglycosidemodifying enzymes.
None of the MbL-producing isolates were capable of transferring b-lactam resistance to either rifampicin-resistant P. aeruginosa PAO1161 or Escherichia coli A15 laboratory strains by conjugation performed in mixed broth cultures. Repeated attempts to isolate plasmid DNA from all clinical isolates using a Qiagen Midi kit (Qiagen) were unsuccessful, as were attempts to transfer resistance to E. coli DH5a by electroporation. To identify the genetic location of the detected MbL genes, total DNA, digested with S1 nuclease, of all 12 MbL-producing isolates was analysed by PFGE (Barton et al., 1995) . DNA bands that could be assigned to plasmid molecules were not observed. DNA was then transferred to BrightStarPlus Positively Charged Nylon Membrane (Applied Biosystems) and hybridized with Psoralen-Biotin-labelled bla VIM and bla IMP probes (Ellington et al., 2007) . In all MbLproducers the bla VIM and bla IMP probes hybridized with a band that was also 16S rRNA gene-positive, clearly indicating the chromosomal location of the MbL genes. MICs were determined by broth dilution as proposed by EUCAST and interpreted using its guidelines (http://www.eucast.org/).
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Journal of Medical Microbiology 62 of In-p110 from P. aeruginosa of both STs, 357 and 111, suggested the phenomenon of horizontal gene transfer of MbL-encoding genetic elements. A plausible hypothesis is that the IMP-7-producing P. aeruginosa isolate of ST357 evolved through acquisition of In-p110 by a VIM-2-producing P. aeruginosa isolate of ST357. The characterization of isolate Pae-477, coproducing VIM-2 and IMP-7 MbLs, is in line with this notion.
In the present study an increased isolation frequency in 2011 of MbL-producing P. aeruginosa (10 out of 12 MbL producers were isolated in 2011) in St Anna's Teaching Hospital in Brno was observed. This was primarily due to the spread of isolates of ST357 producing VIM-2 or/and IMP-7 MbLs. Increased vigilance and strengthening of infection control measures are required in order to prevent establishment and further spread of these pathogens.
